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[57] ABSTRACT 

A symbol timing recovery circuit and method of a digital 
television is disclosed including: an arialog-to-digital con- 
verter (10) for sampling a received analog signal by a 
symbol clock to be converted to digital data; demodulator 
(20) for recovering a carrier wave, demodulating the digital 
data to a baseband signal and generating a segment signal; 
a segment synchronizing signal detector (40) for detecting a 
segment synchronizing signal from the segment signal; a 
phase error detector (50) activated by the segment synchro- 
nizing signal, for receiving the segment signal and detecting 
a phase error of synchronizing symbols of the segment 
synchronizing signal; and a symbol clock is phase adjuster 
(60) for adjusting the phase of the symbol clock according 
to the phase error of the synchronizing symbols to be 
supplied to the analog-to-digital converter as the symbol 
clock. 

9 Claims, 4 Drawing Sheets 
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SYMBOL TIMING RECOVERY CIRCUIT FIG. 4 is a more detailed block diagram of a segment 

AND METHOD synchronizing signal detector shown in FIGS. 1 and 3; and 

FIG. 5 is another more detailed block diagram of the 
TECHNICAL FIELD symbol timing recovery circuit of FIG. 1. 

The present invention relates to a digital television 5 BEST MODE FOR CARRYING OUT THE 
receiver, and more particularly to a circuit and method for INVENTION 
recovering a symbol timing in order to accurately demodu- 
late transmission signals. In the following description, a "digital high picture qual- 
ity television" indicates a high resolution television of the 
BACKGROUND ART ™ GA (Grand Alliance) system. A "segment signal" or a "data 

Digital receivers should use a demodulator synchronized segment signal" is a signal of 832 symbols including data of 

with the symbol transition of an input digital signal for 828 symbols and a synchronizing signal of 4 symbols and 

optimal demodulation. Since the receiver including a chan- means a of one horizontal line. A "synchronizing 

nel equalizer is usually operated by a digital circuit, a 1S si i nal " or a "segment synchronizing signal" represents 4 

received analog signal can be converted to a digital signal ( first t0 fourlh ) synchronizing symbols for notifying the 

through an analog-to-digital converter at an accurate sam- beginning of the data segment signal. The first and fourth 

pling time. That is, since a signal processing operation is synchronizing symbols have a signal level of +5, and the 

carried out after the analog signal is converted to the digital sec ° nd and third synchronizing symbols have a signal level 

signal, the digital receiver can implement a normal operation 2 o °^ 

when data is accurately generated at the sampling time. FIG. 1 shows a symbol timing recovery circuit of a digital 

In digital high picture quality television systems, the GA ^igh picture quality television receiver. An analog-to-digital 

(Grand Alliance) system uses, as a carrier wave, a pilot inverter 10 converts an analog s^nal I of a select 

signal having a direct current (DC) value of about 1.25 channel gyrated from a tuner to digital data by a symbol 

during data transmission so as to easily recover the carrier 2 5 ^ock having twice a symbol rate fs. A digital demodulator 

wave at a receiving end. Therefore, data received from the 20, which is a earner wave recovery circuit, recovers the 

receiver includes the DC component by the pilot signal. If a dl S ,tal data . generated from the A/D converter 10 to a 

timing error component is directly detected from the baseband signal which is transmission data. The digital 

received data, it is difficult to detect a correct timing error f^ 0 ^ 0 '™™^ "f e a dl S ltal iK T™? and phas ! 

value by the influence of the DC component. 30 L°, Cked j DFP1 f >• A mat ^ng circuit 30 is a matched 

filter and adjusts the symbol rate to be matched with a 

DISCLOSURE OF INVENTION segment synchronizing signal detector 40. That is, data 

_ , . , , , having the symbol rate of 2 fs generated from the digital 

It is an object of the present invention to provide a symbol demodulator 20 * adjusted to data having the symbol rate of 

uming recovery circuit and method for demodulating a fe , h h , he matchin circuit 30 . 

transmission signal without an error by detecting a phase 3' . .,„ 

error in a received data segment synchronizing signal and . se 8 m 1 ent sl S nal S e ° erated bom ^ matching circuit 30 

compensating for the detected phase error. 15 a PP hed l ° a sl & il A P™? 5501 of he n< f sta .8 e and 

r & r . simultaneously supplied to the segment synchronizing sig- 
A symbol timing recovery circuit of a digital television nal detector 40 for detecting a synchronizing signal. The 
embodying the present invention includes: an analog-to- segmem synchronizing signai dete ctor 40 detects the syn- 
digital converter for sampling a received analog signal by a chr onizing signal from the segment signal using the char- 
symbol clock to be converted to digital data; demodulator acteristics of first t0 fourth synchronizing symbols. A phase 
for recovenng a earner wave, demodulatmg the digital data err0f detect0f 50 feceives the segment signal afld detects a 
to a baseband signal and generating a segment signal; a phase difference between the second and third synchronizing 
segment synchronizing signal detector for detecting a seg- symbols tQ be generated as a phase error signaL A sym5ol 
ment synchronizing signal from the segment signal; a phase dock phase 60 adjusts the phase of the symbol 
error detector activated by the segment synchronizing cbck by the phase errQr signal ^ suppUes the phase _ 
signal, for receiving the segment signal and detecting a adjusted symbol clock to the A/D converter 10. 
phase error of synchronizing symbols of the segment syn- t-t^o . u ■ ■ . u 
r , . . . i , .ill. j- „ r FIGS. 2 A to 2C show variations in the segment synchro- 
chromzmg signal; and a symbol clock phase adjuster for . . , 4 , , . . ° A* >%a 
,. - ° ' r . i i i i * i i. so mzing signal according to a symbol timing error. HG. 2A 
adiusting the phase of the symbol clock according to the ... t ° t ° lL 4 ° . ■ ■ t , 4 , 
, J & - r . , . , , , ,. j A illustrates the segment synchronizing signal when the sym- 
phase error or. the synchronizing symbols to be supplied to , . . . . . , . n^c? ™ . , , 
f, t .tit bol tuning is accurately done. FIGS. 2B and 2C show the 
the analog-to-digital converter as the symbol clock. * , ... iU L i ■ 

° & J segment synchronizing signal when the symbol timing error 

BRIEF DESCRIPTION OF DRAWINGS has a positive value and a negative value, respectively. 

„ r , . 55 When the symbol timing in the data segment signal is 

• ".T" ^° mP u ° der5tandl f nS ° f the PrcSCnt m r a ~ accurately done, since the second and third synchronizing 
tion and the advantages thereof, reference is now made to bo]s Qave almost ^ same gh a ^ form * 

the following description taken in conjunction with the maintained „ indicated m F1G . 2A . However, if various 

accompanying drawings m which like reterence numerals unnecessarv artifacls such 

as channel noise or a ghost etc. 

designate like or corresponding parts throughout the several fi0 afe in ^ coufse of U!lBsmission> there the 

views, an in w ic . symbol timing error during conversion to the digital data, 

FIG. 1 is a block diagram of a symbol timing recovery and the synchronizing symbols are distorted, as shown in 

circuit according to the present invention; FIGS 2 B and 2C. A distorted degree of the synchronizing 

FIGS. 2A, 2B and 2C show variations in a segment signal can be calculated by a difference between the second 

synchronizing signal according to a symbol timing error; 65 an d third synchronizing symbols. That is, the difference 

FIG. 3 is a more detailed block diagram of the symbol between the second and third synchronizing symbols corre- 

timing recovery circuit of FIG. 1; sponds to the symbol timing error. As shown in FIGS. 2B 
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and 2C, the distorted direction of the synchronizing signal 
depends on whether the symbol timing error has a positive 
value or a negative value. The phase of the symbol clock is 
adjusted using a phase error which is the symbol timing 
error. If the phase-adjusted symbol clock is supplied to the 5 
A/D converter 10, the symbol timing error can be accurately 
recovered. 

FIG. 3 is a more detailed block diagram of the symbol 
timing recovery circuit of FIG. 1. A delay 151 of the phase 
error detector 50 delays the segment signal generated from 10 
the matching circuit 30. Another delay 152 again delays the 
output of the delay 151. In this case, the delays 151 and 152 
delay the segment signal received with a symbol period. A 
subtracter 153 calculates a phase difference between the 
outputs of the delays 151 and 152. A switch 154 receives the 15 
output of the subtracter 153 and generates the output of the 
subtracter 153 as the phase error signal when the segment 
synchronizing signal generated from the segment synchro- 
nizing signal detector 40 is activated. Since the segment 
synchronizing signal detector 40 generates the segment 20 
synchronizing signal under the state that the fourth synchro- 
nizing symbol is received, the delays 151 and 152 adjust 
timing so as to generate the difference between the second 
and third synchronizing symbols as the phase error signal. In 
other words, when the segment synchronizing signal detec- 25 
tor 40 generates the segment synchronizing signal, the 
delays 152 and 151 generate the second and third synchro- 
nizing symbols, respectively. Therefore, when the switch 
154 is switched to the subtracter 153 by the segment 
synchronizing signal, the subtracter 153 generates the dif- 30 
ference signal between the second and third synchronizing 
symbols. Consequently, when the segment signal is 
received, the phase error detector 50 calculates the differ- 
ence between the second and third synchronizing symbols to 
be generated as the phase error signal which is the symbol 35 
timing error value. 

In the symbol clock phase adjustor 60 for adjusting the 
phase of the symbol clock by the phase error signal, a loop 
filter 161 accumulates the phase error signal and scales the 
accumulated phase error signal to a control voltage level of 40 
a voltage controlled oscillator 163. A digital-to-analog (D/A) 
converter 162 converts the output of the loop filter 161 to an 
analog voltage. The voltage controlled oscillator 163 is 
controlled by the voltage generated from the D/A converter 
162 and adjusts the phase of the symbol clock to be supplied 45 
to the A/D converter 10 as the symbol clock. 

FIG. 4 is a more detailed block diagram of the segment 
synchronizing signal detector 40 shown in FIGS. 1 and 3. 
The segment synchronizing signal detector 40 includes a 
segment integrator 110, a symbol correlator 120 and a 50 
segment synchronizing signal generator 130. The segment 
integrator 110 delays a received data segment signal by a 
segment period and accumulates the delayed data segment 
signal. The symbol correlator 120 delays the output of the 
segment integrator 110 by a synchronizing signal period, 55 
multiplies each delayed synchronizing signal by a correla- 
tion value of a corresponding synchronizing signal, adds the 
multiplied synchronizing signals and detects the synchro- 
nizing signal having a peak value at the synchronizing signal 
period. The segment synchronizing signal generator 130 60 
generates the synchronizing signal of the data segment 
signal by comparing the output of the symbol correlator 120 
with a reference value. 

An adder 111 of the segment integrator 110 sequentially 
adds the received data segment signal to the previous data 65 
segment signal delayed by a 1-segment period. A segment 
delay 112 stores the accumulated data segment signal gen- 
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4 

erated from the adder 111, delays the data segment signal by 
a 1-segment period, and negatively feeds the delayed data 
segment signal back to the adder 111. Consequently, the 
segment integrator 110 sequentially adds the accumulated 
data segment signal to the currently received segment signal. 
The added signals are symbols of the same position of the 
segment period. 

In the symbol correlator 120, delays 121 to 124 sequen- 
tially delay the accumulated value of each symbol generated 
from the adder 111 of the segment integrator 110 and 
generate respective delay symbol signals. Multipliers 125 to 
128 respectively multiply each delay symbol signal by the 
correlation value of the synchronizing signal The multipli- 
ers 125 and 128 receive a positive value of +1 so as to 
multiply the first and fourth synchronizing symbol signals 
having a positive correlation. The multipliers 126 and 127 
receive a negative value of -1 so as to have a positive value 
by multiplying the second and third synchronizing symbol 
signals having a negative correlation. Hence, the multipliers 
125 to 128 generate signals having the positive value at the 
synchronizing signal period. An adder 129 adds the outputs 
of the multipliers 125 to 128 and generates a synchronizing 
correlation signal having a peak value at the synchronizing 
signal period. 

In the synchronizing signal generator 130, a reference 
value generator 131 generates a reference value which is less 
than an accumulated value of the synchronizing signal 
generated from the adder 129 and greater than an accumu- 
lated value of other random data. A comparator 132 com- 
pares the reference value with the synchronizing correlation 
signal generated from the adder 129 and generates the 
synchronizing signal when the synchronizing correlation 
signal is greater than the reference value. 

The operation of the symbol timing recovery circuit 
having the above-mentioned construction will be described 
hereinafter. 

In detecting the synchronizing signal from the segment 
signal, the adder 111 having one input terminal receiving the 
segment signal generated from the matching circuit 30 adds 
the output of the segment delay 112 received through the 
other input terminal to a currently received segment signal. 
Since the segment delay 112 generates the segment signal 
delayed by a 1-segment period, two segment signals sup- 
plied to the adder 111 is symbol data of the same position of 
the segment period. The added data is supplied to the 
segment delay 112 and simultaneously supplied to the delay 
121. Therefore, it will be understood that the segment delay 
112 delays the data by a 1-segment period and simulta- 
neously stores the accumulated value of corresponding 
symbol data added with the segment period. Hence, the 
segment integrator 110 continues to accumulate the symbol 
data of the same position in each data segment signal. The 
accumulated value of the synchronizing symbol repeatedly 
received every segment period more increases than the 
accumulated value of random data symbols. 

The accumulated value of the symbol is sequentially 
delayed by the delays 121 to 124. The delay symbol signals 
generated from the delays 121 to 124 are supplied to each 
one input terminal of the multipliers 125 to 128. The 
correlation values of the first to fourth synchronizing sym- 
bols are supplied to the other terminals of the multipliers 125 
to 128. The first and fourth synchronizing symbols accumu- 
lated through the adder 111 have a positive value, and the 
second and third synchronizing symbols have a negative 
value. If +1, -1, -1 and +1 are supplied to the other terminals 
of the multipliers 125 to 128, the synchronizing symbols 
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having a positive value are generated through the multipliers the error value between the second and third synchronizing 

12S to 128. During multiplication, since the synchronizing symbols, and this error value is the phase error value of the 

signals of 4 symbols becomes (+5)(+l), (-5)(-l), (-5X-1) symbol timing. 

and (+5)(+l), a constant value is generated every segment ^ relationship between me second and , hird synchro- 
period. A random data portion has a random value every 5 n izing symbols has a characteristic as shown in FIGS. 2A to 
segment period The output 0 f the mul iphers 125 to 128 are 2Q a transmission If the 5ol 

added in the adder 129. The output of the adder 129 has a . . . b , , ... , , ' . . 

, , . . u ~ ■ * *! *• a* timing is accurate, the second and third synchronizing 

very large value at a synchronizing signal portion. At a . . , . ' . . . . - J c , & 

random data portion, the output of the adder 129 has a very Sy ^° k ha v e "J™ 81 S ' 8 . " 7° 

small value relative to the synchronizing signal portion. In , n ™ FIG ' 2 , A - If , the f s y mbo1 tl ! D,ng f" 0 ^ 38 a p0S ,T T alue> 

the output characteristic of the accumulated correlation 10 the signal level of the second synchromzing symbol is larger 

value generated from the adder 129, a signal having the ' han ° f ' he thir u d synchronizing symbol as indicated in 

accumulated correlation value larger than that generated at . 2 f- « />» W^**™** errorhas a valu \ tbe 

the random data portion is generated at the synchronizing of the third synchronizing symbol is larger than 

signal portion. This signal is the synchronizing correlation „ that of the second synchronizing symbol as indicated in FIG. 

signal phase error between the synchronizing symbols is 

™ 4 4 r .L jj iia j 4L r i detected by the phase error detector 50 when the segment 

The output of the adder 129 and the reference value . . . • i- * a a i a* *u u i 

4 . f A , c , synchronizing signal is generated and supplied to the symbol 

generated from the reference value generator 131 are sup- : . , * ® * rr 

i • i . . ■ , 1<M ™ % i • *; clock phase adiustor 60. 

plied to the comparator 132. The reference value is set to r J 

have a value which is smaller than the accumulated value of 20 In operation of the symbol clock phase adjustor 60, the 
4 symbols detected at the synchronizing signal portion and loo P mter 161 accumulates the symbol timing error value 
larger than that detected at the random data portion. If the which is the timin S P hase error of the synchronizing symbol 
reference value generator 131 generates such a reference and an appropriate value which is capable of control- 
value, the comparator 132 compares the reference value with lin S the volta S e controlled oscillator 163. The output of the 
the output of the adder 129. The comparator 132 generates „ loo P filter 161 15 converted to an analog voltage value by the 
a pulse signal of logic "high" at the synchromzing signal D ' A converter 162 and then supplied to the voltage con- 
portion and generates a pulse signal of logic "low" at the lrolled oscillator 163 as a control voltage. Since the control 
random data portion. If the pulse signal of logic "high" volta S e vanes Wlth the P hase error of the synchronizing 
generated from the comparator 132 is used as the synchro- the volta § e controlled oscillator 163 oscillated 
nizing signal, the received data segment signal can be m according to the control voltage adjusts the frequency and 
accurately synchronized. Therefore, the output signal of the P hase of the s y mbo1 clock to gradually reduce the phase 
comparator 132 is generated as the segment synchronizing error - a resuIt > the P hase error of the s y mbo1 clock is 
signal accurately recovered. 

Meanwhile, the data segment signal generated from the above described operations are repeated until the 

matching circuit 30 is supplied to the phase error detector 35 phase error value of the synchronizing symbol detected from 

50. In operation of the phase error detector 50, the delay 151 the P ha se error detector 50 approximates to 0. If the phase 

delays the data segment signal by a symbol period. The error value is 0, the frequency and phase of the symbol clock 

delayed segment signal is applied to one terminal of the generated from the voltage controlled oscillator 163 are 

subtracter 153. The delayed segment signal is also supplied maintained. 

to the delay 152. The further delayed segment signal through 40 FIG. 5 illustrates another embodiment of the symbol 

the delay 152 is applied to the other terminal of the sub- timing recovery circuit. The circuit of FIG. 5 is the same as 

tracter 153. The subtracter 153 calculates the different that of FIG. 3 except the phase error detector 50. Delays 171 

between the outputs of the delays 151 and 152. Therefore, to 175 of the phase error detector 50 delay the symbols of the 

the subtracter 153 generates a subtraction output of signals segment signal. Third and fourth delay symbols generated 

before and after one symbol with respect to all the data 45 from the delays 173 and 174 are supplied to the subtracter 

segment signals. 153. The delays 171 to 175 are controlled such that the time 

The output of the subtracter 153 is connected to a first t0 generate the output signal of the subtracter 153 coincides 

input terminal of the switch 154. The switch 154 has a with the out P ut time of the segment synchronizing signal 

second input terminal connected to a ground terminal and a generated from the segment synchronizing signal detector 

control terminal connected to the output of the segment 50 40 - ^ switch 154 selectively generates the phase error 

synchronizing signal detector 40. Therefore, if the segment vame between the second and third synchronizing symbols 

synchronizing signal is generated from the segment syn- generated from the subtracter 153 by the segment synchro- 

chronizing signal detector 40, the switch 154 selects the nizing signal. 

output of the first input terminal, and if not, the switch 154 As previously described, the phase error is directly 

selects a ground voltage. That is, the switch 154 switches the 55 detected using the distorted degree of the transmitted data 

output of the subtracter 153 only when the segment syn- segment synchronizing signal in a digital high picture qual- 

chronizing signal is generated. The switch 154 may use a ity television, and the frequency and phase of the symbol 

2-input multiplexer. clock are controlled using the detected phase error value, 

The phase error value of the second and third synchro- thereby recovering the symbol timing error. Since the sym- 

nizing symbols are should be detected. The segment syn- 60 °°1 clock recovering the timing error can accurately deter- 

chronizing signal detector 40 detects the segment synchro- rnine a sampling time of data at a transition time of the 

nizing signal when the fourth synchronizing symbol is transmitted data segment signal, the receiver can recover 

received. The phase error detector 50 adjusts a subtraction data without any error. 

time of the second and third synchronizing symbols using Therefore, it should be understood that the present inven- 

the delays 151 and 152 to coincide with the time to generate 65 tion is not limited to the particular embodiment disclosed 

the segment synchronizing signal. Hence, when the segment herein as the best mode contemplated for carrying out the 

synchronizing signal is generated, the switch 154 generates present invention, but rather that the present invention is not 
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limited to the specific embodiments described in this speci- 
fication except as defined in the appended claims. 
I claim: 

1. A symbol timing recovery circuit of a digital television, 
comprising: 5 

analog-to-digital converting means for sampling a 
received analog signal by a symbol clock to be con- 
verted to digital data; 

demodulating means for recovering a carrier wave, 
demodulating said digital data to a baseband signal and 10 
generating a segment signal; 

segment synchronizing signal detecting means for detect- 
ing a segment synchronizing signal from said segment 
signal; 

phase error detecting means for receiving said segment 
signal and detecting a phase error from synchronizing 
symbols of said segment synchronizing signal, said 
phase error detecting means being activated by said 
segment synchronizing signal; and 2Q 

symbol clock phase adjusting means for adjusting the 
phase of said symbol clock according to said phase 
error of said synchronizing symbols to be supplied to 
said analog- to-digital converting means as said symbol 
clock. 

2. A symbol timing recovery circuit of a digital television 
as set forth in claim 1, wherein said phase error detecting 
means comprises: 

means for delaying said segment signal and again delay- 
ing the delayed segment signal to generate first and 30 
second delayed segment signals; 

means for detecting a phase error of two segment signals 
by calculating a difference between said first and sec- 
ond delayed segment signals; and 

switching means for switching said phase error, said 35 
switching means being activated by said segment syn- 
chronizing signal. 

3. A symbol timing recovery circuit of a digital television 
as set forth in claim 2, wherein said symbol clock phase 
adjusting means comprises: 

a loop filter for accumulating said phase error and scaling 
the accumulated phase error to a control voltage level; 

digital-to-analog converting means for converting an out- 
put of said loop filter to an analog control voltage; and ^ 

oscillating means for adjusting the phase of said symbol 
clock, said oscillating means being oscillated by said 
analog control voltage. 

4. A symbol timing recovery circuit of a digital television 

as set forth in any one of claims 1 to 3, wherein said segment 50 
synchronizing signal detecting means comprises: 

accumulating means for delaying received data segment 
signals by a segment period and accumulating the 
delayed segment signals; 
synchronizing signal correlating means for delaying an 55 
output of said accumulating means by a synchronizing 
signal period, multiplying each delayed synchronizing 
signal by a correlation value of a corresponding syn- 
chronizing signal, adding each multiplied synchroniz- 
ing signal, and detecting a segment synchronizing 60 
signal having a peak value at said synchronizing signal 
period; and 

means for comparing an output of said synchronizing 
signal correlating means with an internal reference 
value to generate a segment synchronizing signal. 65 

5. A symbol timing recovery circuit of a digital television 
in which one segment signal has a synchronizing signal of 
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first to fourth symbols and data of 828 symbols, said first and 
fourth synchronizing symbols are transmitted with a first 
signal level, and said second and third synchronizing sym- 
bols are transmitted with a second signal level, said symbol 
timing recovery circuit comprising: 
analog-to-digital converting means for sampling a 
received analog signal by a symbol clock to be con- 
verted to digital data; 
demodulating means for recovering a carrier wave, 
demodulating said digital data to a baseband signal and 
generating a segment signal; 
segment synchronizing signal detecting means for detect- 
ing a segment synchronizing signal from said segment 
signal; 

phase error detecting means for receiving said segment 
signal and detecting a phase error by a difference 
between said second and third synchronizing symbols, 
said phase error detecting means being activated by 
said segment synchronizing signal; and 

symbol clock phase adjusting means for adjusting the 
phase of said symbol clock according to said phase 
error of said synchronizing symbols to be supplied to 
said analog-to-digital converting means as said symbol 
clock. 

6. A symbol timing recovery circuit of a digital television 
as set forth in claim 5, wherein said phase error detecting 
means comprises: 

means for delaying said segment signal and again delay- 
ing the delayed segment signal to generate first and 
second delayed segment signals; 

means for detecting a phase error of two segment signals 
by calculating a difference between said first and sec- 
ond delayed segment signals; and 

switching means for switching said phase error, said 
switching means being activated by said segment syn- 
chronizing signal. 

7. A symbol timing recovery circuit of a digital television 
as set forth in claim 6, wherein said symbol clock phase 
adjusting means comprises: 

a loop filter for accumulating said phase error and scaling 
the accumulated phase error to a control voltage level; 

digital-to-analog converting means for converting an out- 
put of said loop filter to an analog control voltage; and 

oscillating means for adjusting the phase of said symbol 
clock, said oscillating means being oscillated by said 
analog control voltage. 

8. A symbol timing recovery circuit of a digital television 
as set forth in any one of claims 5 to 7, wherein said segment 
synchronizing signal detecting means comprises: 

accumulating means having a segment delay, for adding 

said segment signal to the delayed segment signal 

generated from said segment delay; 
means having first to fourth delays, for delaying an output 

of said accumulating means to generate first to fourth 

delay symbol signals; 
means having first to fourth multipliers, for respectively 

multiplying said first to fourth delay symbol signals by 

a correlation value of a corresponding synchronizing 

signal; 

adding means for adding outputs of said first to fourth 
multipliers and generating a peak value at a synchro- 
nizing signal period; and 

means for comparing an output of said adding means with 
an internal reference value to generate a segment 
synchronizing. 
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9. A symbol timing recovery method of a digital television 
in which one segment signal has a synchronizing signal of 
first to fourth symbols and data of 828 symbols, said first and 
fourth synchronizing symbols are transmitted with a first 
signal level, and said second and third synchronizing sym- 5 
bols are transmitted with a second signal level, said symbol 
timing recovery method comprising the steps of: 

sampling a received analog signal by a symbol clock to be 
converted to digital data; - 

recovering a carrier wave, demodulating said digital data 1C 
to a baseband signal and generating a segment signal; 
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10 

detecting a segment synchronizing signal from said seg- 
ment signal; 

detecting a phase error between said second and third 
synchronizing symbols by said segment synchronizing 
signal; and 

adjusting the phase of said symbol clock according to said 
phase error of said synchronizing symbols and supply- 
ing the phase-adjusted symbol clock to said sampling 
step. 

* * * * * 
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C1100S9 J j witn \ vtimmg near«£ circuitipj j or 
(timing near2 device$l) or (control$4 
near2 tim$3) or (control$4 near2 
circuit$3) or (control$4 near2 device$l) ) 
and match$3 


US-PGPUB; 
US PAT; 
EPO; 
DERWENT 


2004/05/07 
13 :47 








67 


BRS 


347 


((phase near2 detect $4) or (phase near2 
compar$6) or PD or FD/PD or PD/FD or 
(phase adj2 match$3) or (phase near2 
synchron$8) ) with (select$4 or switch$3 or 
choos$3) with ((timing near2 circuit$3) or 

f f" "i m "i Tin naa r9 H oiri poil 1 \ rw I f^ 1 r\T^ \~ ~y~ r\~\ 
^UXHl-Lliy I1C Ct J. UCVlLCy 1 / Ul ^LUIlLIUXy^ 

near2 tim$3) or (control$4 near2 
circuit$3) or (control$4 near2 device$l) ) 
and match$3 and (375/376 . eels or PLL or 
feedback) 


US-PGPUB; 
US PAT; 

DERWENT 


2004/05/07 

1 T . / Q 

X J . *± y 








68 


IS&R 


1292 


(375/354) .CCLS. 


US-PGPUB; 
US PAT; 
EPO; 
DERWENT 


2004/12/17 
08 :01 








69 


IS&R 


693 


(375/355) .CCLS. 


US-PGPUB; 
US PAT; 
EPO; 
DERWENT 


2004/12/17 
08 :01 








70 


IS&R 


542 


(375/377) .CCLS. 


US-PGPUB; 
US PAT; 
EPO; 
DERWENT 


2004/12/17 
08 :01 
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US-PGPUB; 










71 


IS&R 


1055 


(375/350) .CCLS. 


US PAT; 

EPO; 

DERWENT 


2004/12/17 
08 :01 
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72 


IS&R 


146 


(375/143) .CCLS. 


US-PGPUB; 
USPAT; 
EPO; 
DERWENT 


2004/12/17 
08:01 








73 


IS&R 


316 


(375/152) .CCLS. 


US-PGPUB; 
USPAT; 
EPO; 
DERWENT 


2004/12/17 
08:02 








74 


IS&R 


2444 


(370/342) .CCLS. 


US-PGPUB; 
USPAT; 
EPO; 
DERWENT 


2004/12/17 
08:02 








75 


IS&R 


2086 


(370/335) .CCLS. 


US-PGPUB; 
USPAT; 
EPO; 
DERWENT 


2004/12/17 
08 :02 








76 


IS&R 


591 


(370/441) .CCLS. 


US-PGPUB; 
USPAT; 
EPO; 
DERWENT 


2004/12/17 
08 :03 








77 


IS&R 


786 


(370/350) .CCLS. 


US-PGPUB; 
USPAT; 
EPO; 
DERWENT 


2004/12/17 
08 :04 








78 


BRS 


2411 


SYNCHRONI2$4 same match$3 same phase 


US-PGPUB; 
USPAT; 
EPO; 
DERWENT 


2004/12/17 
08 : 05 








79 


BRS 


25 


S73 and S83 


US-PGPUB; 
USPAT; 
EPO; 
DERWENT 


2004/12/17 
08 : 13 








80 


BRS 


31 


S74 and S83 


US-PGPUB; 
USPAT; 
EPO; 
DERWENT 


2004/12/17 
08:13 








81 


BRS 


4 


S75 and S83 


US-PGPUB; 
USPAT; 
EPO; 
DERWENT 


2004/12/17 
08:13 








82 


BRS 


13 


S76 and S83 


US-PGPUB; 
USPAT; 
EPO; 
DERWENT 


2004/12/17 
08:13 
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US-PGPUB; 










83 


BRS 


12 


S77 and S83 


US PAT; 

EPO; 

DERWENT 


2004/12/17 
08 :14 
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84 


BRS 


42 


S78 and S83 


US-PGPUB; 
USPAT; 
EPO; 
DERWENT 


2004/12/17 
08:14 








85 


BRS 


44 


S79 and S83 


US-PGPUB; 
USPAT; 
EPO; 
DERWENT 


2004/12/17 
08:14 








86 


BRS 


21 


S80 and S83 


US-PGPUB; 
USPAT; 
EPO; 
DERWENT 


2004/12/17 
08:14 








87 


BRS 


13 


S81 and S83 


US-PGPUB; 
USPAT; 
EPO; 
DERWENT 


2004/12/17 
08:14 








88 


BRS 


19 


S82 and S83 


US-PGPUB; 
USPAT; 
EPO; 
DERWENT 


2004/12/17 
08:14 








89 


BRS 


54 


select$3 same phase same match$3 same 
frequency same (IF or (intermediate adj 
frequency) ) 


US-PGPUB; 
USPAT; 
EPO; 
DERWENT 


2004/12/17 
08:18 








90 


IS&R 


1292 


(375/354) .CCLS. 


US-PGPUB; 
USPAT; 
EPO; 
DERWENT 


2004/12/17 
08 : 18 








91 


BRS 


2411 


SYNCHRONIZ$4 same match$3 same phase 


US-PGPUB; 
USPAT; 
EPO; 
DERWENT 


2004/12/17 
08 :18 








92 


BRS 


0 


S94 and S97 


US-PGPUB; 
USPAT; 
EPO; 
DERWENT 


2004/12/17 
08:18 








93 


IS&R 


693 


(375/355) .CCLS. 


US-PGPUB; 
USPAT; 
EPO; 
DERWENT 


2004/12/17 
08:19 








94 


IS&R 


542 


(375/377) .CCLS. 


US-PGPUB; 
USPAT; 
EPO; 
DERWENT 


2004/12/17 
08 :21 
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US-PGPUB; 










95 


IS&R 


1055 


(375/350) .CCLS. 


US PAT; 

EPO; 

DERWENT 


2004/12/17 
08 :21 









12/17/04, EAST Version: 2.0.1.4 





Type 


Hits 


Search Text 


DBS 


Time Stamp 


Com 
men 
ts 


Err 
or 
uer 
ini 
tio 
n 


Err 
ors 


96 


BRS 


0 


S94 and S104 


US-PGPUB; 
USPAT; 
EPO; 
DERWENT 


2004/12/17 
08 :20 








97 


IS&R 


146 


(375/143) .CCLS. 


US-PGPUB; 
USPAT; 
EPO; 
DERWENT 


2004/12/17 
08 :20 








98 


BRS 


0 


S94 and S107 


US-PGPUB; 
USPAT; 
EPO; 
DERWENT 


2004/12/17 
08 :20 








99 


IS&R 


316 


(375/152) .CCLS. 


US-PGPUB; 
USPAT; 
EPO; 
DERWENT 


2004/12/17 
08:20 








100 


BRS 


42 


S109 and S96 


US-PGPUB; 
US PAT; 
EPO; 
DERWENT 


2004/12/17 
08 :20 








101 


BRS 


0 


S94 and S110 


US-PGPUB; 
US PAT; 
EPO; 
DERWENT 


2004/12/17 
08:20 








102 


IS&R 


2444 


(370/342) .CCLS. 


US-PGPUB; 
US PAT; 
EPO; 
DERWENT 


2004/12/17 
08 :20 








103 


BRS 


0 


S94 and S113 


US-PGPUB; 
US PAT; 
EPO; 
DERWENT 


2004/12/17 
08 :20 








104 


IS&R 


2086 


(370/335) .CCLS. 


US-PGPUB; 
USPAT; 
EPO; 
DERWENT 


2004/12/17 
08 :20 








105 


BRS 


0 


S94 and S116 


US-PGPUB; 
USPAT; 
EPO; 
DERWENT 


2004/12/17 
08 :20 








106 


BRS 


25 


S95 and S96 


US-PGPUB; 
USPAT; 
EPO; 
DERWENT 


2004/12/17 
08:21 
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US-PGPUB; 










107 


BRS 


21 


S115 and S96 


US PAT; 

EPO; 

DERWENT 


2004/12/17 
08:26 
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108 


BRS 


44 


S112 and S96 


US-PGPUB; 
US PAT; 
EPO; 
DERWENT 


2004/12/17 
08 :28 








109 


BRS 


4 


S101 and S96 


US-PGPUB; 
US PAT; 
EPO; 
DERWENT 


2004/12/17 
08 :32 








110 


BRS 


31 


S99 and S96 


US-PGPUB; 
US PAT; 
EPO; 
DERWENT 


2004/12/17 
08 :33 








111 


BRS 


13 


S103 and S96 


US-PGPUB; 
US PAT; 
EPO; 
DERWENT 


2004/12/17 
08 :36 








112 


BRS 


12 


S106 and S96 


US-PGPUB; 
US PAT; 
EPO; 
DERWENT 


2004/12/17 
08:37 
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Your Search was: 



Last Name = NAKANO 
First Name = FUMIO 



Application# 


Patent# 


Status 


Date Filed 


Title 


Inventor Name 
51 


10203088 


6790836 


150 


08/06/2002 


PROCESS FOR PREPARING 
INDOLOPYRROLOCARBAZOLE 
DERIVATIVES, INTERMEDIATES 
THEREFOR, AND PREPARATION 

INTERMEDIATES 


NAKANO, 
FUMIO 


09728103' 


6703864 


150 


12/01/2000 


BUFFER CIRCUIT 


NAKANO, 

T7 T TA/fTO 


09709203 


Not 
Issued 


041 


11/09/2000 


CLOCK RIDE-OVER METHOD 
AND CIRCUIT 


NAKANO, 
FUMIO 


09250435 


Not 
Issued 


161 


02/16/1999 


METHOD FOR RECOGNIZING 
SPEECH ON A MOBILE 
TERMINAL 


NAKANO, 
FUMIO 


08552821 


5693973 


150 


11/03/1995 


PROTECTION STRUCTURE OF 
SEMICONDUCTOR INTEGRATED 
CIRCUIT 


NAKANO, 
FUMIO 


08548377 


Not 
Issued 


161 


10/26/1995 


METHOD AND APPARATUS FOR 
CLOCK SYNCHRONIZING 
SYSTEM 


NAKANO, 
FUMIO 


08208046 


5438054 


150 


03/09/1994 


2-(SUBSTITUTED 
PYRROLIDINYLTHIO) 
CARBAPENEM DERIVATIVES 


NAKANO, 
FUMIO 


08161753 


5387828 


250 


12/03/1993 


HIGH-SPEED LEVEL SHIFTER 
WITH SIMPLE CIRCUIT 
ARRANGEMENT 


NAKANO, 
FUMIO 


08159742 


Not 
Issued 


166 


11/30/1993 


METHOD AND APPARATUS FOR 
CLOCK SYNCHRONIZING 
SYSTEM 


NAKANO, 
FUMIO 


08025804 


Not 
Issued 


166 


03/03/1993 


2-(SUBSTITUTED 
PYRROLIDINYLTHIO) 
CARBAPENEM DERIVATIVES 


NAKANO, 
FUMIO 


07669672 


5223342 


150 


03/14/1991 


MAGNETIC RECORDING 


NAKANO, 
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MEDIUM HAVING A 
LUBRICATING LAYER 
COMPRISING A BINDER AND 
SPECIFIED PERFLUORO 
POLYOXYALKYL LUBRICANT 


FUMIO 


07580463 


5162163 


150 


09/11/1990 


MAGNETIC RECORDING 
MEDIUM AND MAGNETIC 
STORAGE DEVICE USING THE 
SAME 


NAKANO, 
FUMIO 


07577090 


Not 
Issued 


161 


08/30/1990 


2-OXO-l-AZETIDrNESULFONIC 
ACID DERIVATIVES, PROCESS 
FOR PRODUCTION THEREOF, 
AND USE THEREOF 


NAKANO, 
FUMIO 


07562564 


5095013 


150 


08/03/1990 


2-(2-VINYLPYRROLIDINYLTHIO) 
CARBAPENEM DERIVATIVES 


NAKANO, 
FUMIO 


07550563 


Not 
Issued 


166 


07/10/1990 


MAGNETIC RECORDING MEDIA 
AND MAGNETIC STORAGE 
DEVICE 


NAKANO, 
FUMIO 


07522817 


5068322 


150 


05/14/1990 


CRYSTALLINE CEPHALOSPORIN 
COMPOUNDS 


NAKANO, 
FUMIO 


07442663 


Not 
Issued 


168 


11/29/1989 


METHOD FOR DRIVING LIQUID 
CRYSTAL ELEMENT EMPLOYING 
FERROELECTRIC LIQUID 
CRYSTAL 


NAKANO, 
FUMIO 


07377086 


5061794 


150 


07/10/1989 


CEPHALOSPORIN DERIVATIVES, 
ANTIBACTERIAL AGENTS 


NAKANO, 
FUMIO 


07374366 


5079062 


150 


06/30/1989 


MAGNETIC RECORDING 
MEDIUM HAVING A THIN FILM 
MAGNETIC LAYER FORMED 
OVER A NON MAGNETIC 
SUBSTRATE WHICH HAS 
POWDER GRAINS OF THE 
SUBSTRATE DISPOSED ON ITS 
SURFACE 


NAKANO, 
FUMIO 


07353476 


Not 
Issued 


166 


05/17/1989 


MAGNETIC RECORDING 
MEDIUM, MAGNETIC HEAD AND 
MAGNETIC RECORDING 
APPARATUS 


NAKANO, 
FUMIO 


07349827 


Not 
Issued 


161 


05/10/1989 


REFRIGERATION APPARATUS 


NAKANO, 
FUMIO 


07308781 


5071715 


150 


02/09/1989 


MAGNETIC RECORDING 
MEDIUM WITH A LUBRICANT 
LATER CONTAINING A 
PERFLUORO POLYOXYALKYL 
COMPOUND 


NAKANO, 
FUMIO 


07265458 


5084453 


150 


10/13/1988 


1 -C ARBOXY- 1 -VINYLOXYIMINO 


NAKANO, 
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AMINOTHIAZOLE 

UiirJlAi^UorUKliN DxiKl V All \ tLo 


FUMIO 


07207539 


Not 

Issued 


161 


06/16/1988 


MAGNETIC RECORDING 

IVLcJJlUlVL AINU A IVlli 1 riyJL) rUK 

PRODUCING THE SAME 


NAKANO, 

r UivllU 




IN 01 

Issued 


1 A1 

101 


1 0/1 A/1 QQ7 
1Z/ 10/ IVo / 


KilrKlLrHKA 1 1UJN ArrAKA lUo 


XT A XT A XTO 

FUMIO 


ATI 1 AQA ^ 




1 DU 


1 n/in/1 QQH 
IV/jV/ lyo I 


A /f A /"""MCTr/-" D CrTlDHIMP 

MAUJNxl 1 1L, KJlUUKLJlJNLr 

MEDIUM 


XT A V A XTP\ 

JNAJvAJNU , 

FUMIO 


07106871 


Not 

issueu 


161 


10/13/1987 


LSI MODULE 


NAKANO, 

r U1VL1U 


07064462 


4883868 


250 


06/22/1987 


7-AMINO-3-(SUBSTITUTED 
ISOINDOLINIUM)METHYL-3- 
CEPHEM DERIVATIVES 


NAKANO, 
FUMIO 


07038208 


Not 
Issued 


161 


04/14/1987 


CEPHALOSPORIN DERIVATIVES, 
PROCESSES FOR THEIR 
PREPARATION AND 
ANTIBACTERIAL AGENTS 


NAKANO, 
FUMIO 


07034171 


RE33120 


150 


04/01/1987 


METHOD FOR DRIVING LIQUID 
CRYSTAL ELEMENT EMPLOYING 
FERROELECTRIC LIQUID 

r 1 !? VCT A T 


NAKANO, 
FUMIO 


07010740 


Not 

issued 


161 


02/04/1987 


MAGNETIC RECORDING 
JVLdJJIUM AJNU rKUL/boo rUK 
PRODUCING THE SAME 


NAKANO, 

T7T TA jfir\ 

rUMIO 


06940485 


4825284 


150 


12/10/1986 


SEMICONDUCTOR RESIN 

r AUJvALrb o 1 KUL 1 Uivb 


NAKANO, 
rUMlU 


06875444 


4803000 


150 


06/17/1986 


LUBRICANT FOR COLD PLASTIC 

\\7f^lT> V TNT/"! f\U ATT TN/fT~MT TN/f 

WUKISJINlj Ur ALUM1JN UM 
ALLOYS 


NAKANO , 
rUMlU 


06782899 


4612128 


150 


10/02/1985 


LUBRICANT FOR PLASTIC 
WORKING OF METALS 


NAKANO, 
FUMIO 


06683639 


4657685 


150 


12/19/1984 


EMULSION TYPE LIQUID 
LUBRICANT FOR METAL 
FORMING, PROCESS FOR 
PREPARING THE LUBRICANT 
AND PROCESS FOR METAL 
FORMING WITH THE 

T T TDDTP A XTT 1 


NAKANO, 
FUMIO 


06682238 


Not 
Issued 


166 


12/17/1984 


LUBRICANT FOR METAL 
FORMING AND PROCESS FOR 
Mr, 1 AL r UKMlJNLr 


NAKANO, 
FUMIO 


06654686 


4612127 


150 


09/26/1984 


LUBRICANT FOR METAL 
FORMING AND PROCESS FOR 
METAL FORMING 


NAKANO, 
FUMIO 
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06639314 


Not 
Issued 


166 


08/10/1984 


2-OXO-l-AZETIDINESULFONIC 
ACID DERIVATIVES, PROCESS 
FOR PRODUCTION THEREOF, 
AND USE THEREOF 


NAKANO, 
FUMIO 


06497414 


Not 
Issued 


161 


05/24/1983 


2-OXO- 1 -AZETEDINESULFONIC 
ACID DERIVATIVES, PROCESS 
FOR PRODUCTION THEREOF, 
AND USE THEREOF 


NAKANO, 
FUMIO 


06484462 


4508429 


150 


04/13/1983 


METHOD FOR DRIVING LIQUID 
CRYSTAL ELEMENT EMPLOYING 
FERROELECTRIC LIQUID 
CRYSTAL 


NAKANO, 
FUMIO 


06483933 


Not 
Issued 


161 


04/05/1983 


LIQUID CRYSTAL DISPLAY 


NAKANO, 
FUMIO 


06482640 

■ 


4586791 


150 


04/06/1983 


OPTICAL MODULATION 
ELEMENT WITH SURFACE 
PARALLEL AND 
UNIDIRECTIONAL ALIGNMENT 
OFLC 


NAKANO, 
FUMIO 


06470564 


4490496 


150 


02/28/1983 


MOISTUREPROOF INSULATING 
COATING COMPOSITION FOR 
PACKING CIRCUIT BOARDS 


NAKANO, 
FUMIO 


06452293 


Not 
Issued 


161 


12/22/1982 


LIQUID CRYSTAL DISPLAY 
PANEL AND PRODUCTION 
METHOD THEREOF 


NAKANO, 
FUMIO 


06409058 


4469409 


150 


08/18/1982 


HOMOGENEOUS ALIGNMENT 
LAYER FOR LIQUID CRYSTAL 
DISPLAY DEVICE 


NAKANO, 
FUMIO 


06311971 


4362771 


150 


10/16/1981 


LIQUID CRYSTAL DISPLAY 
ELEMENT WITH GAP 
CONTROLLING MATERIAL AND 
PROCESS FOR PRODUCTION 
THEREOF 


NAKANO, 
FUMIO 


06261033 


4400059 


150 


05/06/1981 


LIQUID CRYSTAL DISPLAY 
DEVICE 


NAKANO, 
FUMIO 


06256109 


Not 
Issued 


161 


04/21/1981 


MOISTUREPROOF INSULATING 
COATING COMPOSITION FOR 
PACKING CIRCUIT BOARDS 


NAKANO, 
FUMIO 


06234261 


4381886 


150 


02/13/1981 


LIQUID CRYSTAL DISPLAY 
ELEMENT 


NAKANO, 
FUMIO 


06234180 


Not 
Issued 


161 


02/13/1981 


COPOT YMFR RFSTN ANT) 
PRODUCTION THEREOF 


MATT AMD 

FUMIO 


06125478 


4396251 


150 


02/28/1980 


PLEOCHROIC COLOR DISPLAY 
DEVICE 


NAKANO, 
FUMIO 
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